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CHAPTER 1   INTRODUCTION 
1.1     Background 



























Cancer metastasis (Lee and Lim 2007). The schematic drawing shows the critical 
steps in cancer metastasis: tumor cells are detached from the primary site, penetrate 
through the basement membrane, and flow in the blood or lymphatic circulation 
system to distant sites where they get arrested and invade back into the tissues. These 




































































































































































































































Principle and implementation of AFM (Heinz and Hoh 2005). A tiny tip is mounted 
on the free end of a micro-fabricated cantilever. The sample is held by a piezoelectric 
ceramic scanner. The scanner can move the sample in 3D space with high accuracy. 
The interaction force between the tip and sample can be detected by the optical 
detector and processed by an electrical feedback controller. By keeping the interaction 
force constant, the spatial topography of the sample can be obtained. As a force sensor, 
the mechanical property of the sample can also be obtained. Inset: The “small ball and 
spring” model of AFM. This concept models the AFM as using a sample ball attached 































































































Figure 3     The chemical formula of emodin 
 
 



















































































































An illustration of the AFM indentation test on cells (Li et al., 2008). The cell is 
assumed as an elastic half space and incompressible material. To fulfill this 
assumption, a 4.5μm diameter bead was used to indent a 5μm high cell in a rate of 
1um/s to obtain a 1μm indentation depth. 
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The effects of deformation force on AFM images of cell cortical filaments: (A, B) 
Images of a living MCF-7 cell acquired at imaging forces of ~0.1nN and 1.2 nN, 
respectively. When the loading force is small, the tip does not maintain good contact 
with the sample surface. The image quality is poor and the cell surface features are 
difficult to distinguish. When the loading force is above 1 nN, a clear image with 
good contrast can be acquired. It should be noted that the cell became deformed when 
increasing loading force. The cross-section profiles in the middle of the images show 







































The effects of scan direction on AFM images of living MCF-7 cells: (A, B) Images of 
a living MCF-7 cell acquired at scan direction of 0 and 90 degree, respectively. (C, D) 
Illustration of the scanning processes for 0 and 90 degree, respectively. The arrows 
with dash line show the images acquisition direction, therefore Fig. B was rotated 90 
degree clockwise after the original AFM image was acquired, to make it comparable 
with Fig. A. Comparing the two AFM images, it is noted that there are ‘coarse 
filaments’ aligned from top to bottom paralleled, and ‘fine filaments’ in between to 
form a well organized network. In Fig. A, the scan direction is perpendicular to the 















Illustration of photodiode detection mechanism (Heinz and Hoh 2005): (A) The 
photodiode was divided into segments ○A  and ○B . The deflection of the cantilever 
was magnified by the ‘light lever’ and measured by the current signal change from 
(○A  – ○B ) / (○A  + ○B ). (B) Lateral force on the tip can torque the cantilever and 
lead to laser spot rotation on the photodiode. But such rotation does not influence too 























The effects of tip sharpness on AFM images of living MCF-7 cells: (A) the height and 
(B) deflection AFM images of a living MCF-7 cell in culture medium. These images 
demonstrated that ultra-sharp tips can penetrate into cell membranes, and thus are not 
able to trace the cortical filamentous network of the cell. It can be concluded that 
ultra-sharp tips can interact with the membrane of living cell in a destructive manner. 



































Contact mode AFM images of a living MCF-7 cell. (A) AFM height image. (B) 
Corresponding deflection image. (C) High magnification of the nucleus region. ‘N’ 
represents the center of nucleus, which is observed in AFM height image. The overall 
cell topography can be presented by height image based on the color scale bar, while 
corresponding deflection images reveal the cell cortical filamentous network (arrows). 
Processed with the Nanoscope software, a high magnification of these filamentous 
networks were outlined with black lines and pointed out with arrowheads in C. 












Correlated AFM and CFM of cells double stained for actin and vimentin (Pesen and 
Hoh 2005). AFM images on living BPAECs were collected and the cells were 
immediately fixed and processed for immunofluorescence. (A) The deflection image 
shows details of the mesh-like cortical organization, whereas (B) the height image 
better reflects the overall cell shape. Confocal planes of cells stained for actin using 
Alexa-phalloidin (C, E, and G) and vimentin using Cy3-anti-vimentin antibody (D, F, 
and H). Correlated features are marked with arrowheads. Scale bar is 10 µm. Z-range 
in the height image is 0-4 µm.  
 


























































Micromechanical architecture of the mammalian cell cortex: (A) Sketch 
demonstrating that AFM images of living cells reflect the micromechanical structures 
(Pesen and Hoh 2005). (B) Membrane deformation arising from contact with AFM tip 
would reveal cytoskeletons of living cells (Henderson et al., 1992).  
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Force curve and Z sensor signal collected in AFM indentation on living MCF-7 cells. 
The black line represents the approaching curve, and the gray line is the retracting 
curve. The approaching curve includes a nice continuous line (the non-contact region), 
a typical bending curve (contact and deform region). The Z sensor signal shows a nice 
inverted ‘V’ shape.  
 

































Force versus indentation curves for AFM indentation on living MCF-7 cells. One of 
the force-indentation curves was fitted with Hertz’s contact model. Blue points are 
experimental data. Red line is the Hertzian fitting curve. In this case, the standard 
error is 0.03, and the correlation coefficient is 0.994, showing that Hertz’s contact 
model is capable of describing AFM indentation on living MCF-7 cells. It can be 
noted that there is a deviation of the fitting curve to the experimental data, especially 
at high loads. This is because the assumptions of Hertz’s contact model of small 
deformation were violated at higher loads due to higher deformation induced.  
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volumes of DMSO and emodin stock solution were diluted in cell culture medium. 
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Table 1 Obtained Young’s modulus values for living MCF-7 cells 
 
sample type Young's modulus values E (Pa) 
control 437.0 ± 208.2 
DMSO 546.4 ± 420.6 





The effects of emodin on the micromechanical properties of MCF-7 cells. Control and 
emodin stock solution pretreated groups have significant difference with 90% 
confidence interval (P = 0.08). Normal and DMSO pretreated groups have significant 
difference with 90% confidence interval (P = 0.07). DMSO and emodin pretreated 
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Figure 15 
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AFM images reveal the effects of emodin on the cortical filamentous network of 
living MCF-7 cells. ‘N’ represents the center of nucleus, which is observed in 
corresponding AFM height images. (A, B) MCF-7 cells without treatment. (C, D) 
MCF-7 cells pre-treated with DMSO for one hour. (E, F) MCF-7 cells pre-treated 
with 20µM emodin for one hour. The cell cortical filamentous network (arrows) was 
observed in AFM deflection images. Processed with low-pass filtering and texture 
adding, a high magnification of these filamentous networks on nucleus regions were 
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Force curve and Z sensor signal collected under 200pN relative trigger mode. The 
black line represents the approaching curve, and the gray line is the retracting curve. 
The continuous line before tip-cell contact is missing in approaching region, and the 
bending direction of contact part is different from ideal force curve. The Z sensor 
signal is not a nice inverted ‘V’ shape. This result shows that the tip was stuck with 









Force curve and Z sensor signal collected under 1nN relative trigger mode. The black 
line represents the approaching curve, and the gray line is the retracting curve. By 
increasing the trigger force, the approaching curve gets close to ideal force curve. The 
Z sensor gets close to a nice inverted ‘V’ shape. The left part of the approaching curve 
bends into the opposite direction compared with ideal force curve, while the right part 
does not reach fully contact yet.   
